Linear kinetic dispersion analysis and a two-dimensional electromagnetic 
Introduction
Whistler waves in the terrestrial magnetosphere outside of the plasmapause are ob-20 served in the frequency range of 0.1 − 0.8Ω e and typically show banded spectra with a 21 gap near 0.5Ω e , where Ω e is the equatorial electron cyclotron frequency [Tsurutani and 22 Smith, 1974] . The width of the gap is highly variable, sometimes reaching 0.2Ω e and 23 sometimes vanishing entirely [Koons and Roeder , 1990] . They are usually composed of hiss [Bortnik et al., 2009] . These waves are believed to be excited near the geomagnetic 32 equator [LeDocq et al., 1998 ]. General agreement on their wave normal angles has not 33 been reached, but lower-band waves (< 0.5Ω e ) tend to be field-aligned near the geomag-34 netic equator and upper-band waves (> 0.5Ω e ) seem to be highly oblique at all latitudes 35 [Haque et al., 2010] . On average, lower-band waves are stronger than upper-band waves 36 [Meredith et al., 2001 ]. The present study focuses only on the excitation of the banded 37 incoherent whistler waves, while the discrete chorus elements can arise from these inco-38 herent whistler waves through nonlinear wave growth involving the inhomogeneity of the 39 background geomagnetic field [Omura and Summers, 2008] . keV) of the electron measurements. This event has also been studied by Schriver et al.
67
[2010] with a two-dimensional particle-in-cell (PIC) simulation. They represented the ob- 
(n 0 is the total plasma density and 
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The other unstable zone is driven by the warm electron component: ω max /Ω e = 0.69,
140
γ max /Ω e = 0.030 at kλ e = 3.8 and θ = 48
• .
141
Our linear analysis suggests that, when more than one electron components are consid-142 ered, the major factor which determines the properties of the excited waves isβ j . In other A two-dimensional electromagnetic PIC simulation is performed to examine the simul- of these fluctuations starts to decrease slightly after it reaches a peak around tΩ e = 300.
165
This is because these fluctuations have significant δE and therefore are subject to strong
166
Landau damping, as discussed in Gary et al. [2011] . The increase of the electric field 167 energy after tΩ e = 600 is accompanied by the decrease of T ⊥h /T h shown in Figure 2b . 
Summary and Discussion
A possible excitation mechanism of banded whistler waves is investigated using both 
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The excitation mechanism discussed requires two anisotropic electron components with 
